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(54) Optical systems and methods using coupling fixtures for aligning optical elements with 
planar waveguides 



(57) The present invention involves the use of cou- 
pling fixtures (130) that permit optical elements (140) to 
be aligned with planar waveguides (1 35c) of planar light- 
wave circuits (115). In particular, alignment of the cou- 
pling fixtures (130) typically does not require powering 
of the optical element (140) yet provides a degree of 
alignment that is comparable to that obtained by active 
alignment techniques. The alignment process is accom- 



panied by an assembly process that may be performed 
at relatively high temperatures. This typically makes it 
possible to use solder for attaching the optical element 
(1 40) to the planar lightwave circuit (1 1 5) while retaining 
alignment accuracy. This is advantageous since solder- 
ing typically is the preferred choice for assembling com- 
ponents, such as single-mode devices, that require a 
relatively high degree of alignment precision together 
with good mechanical rigidity. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention is generally related to 
optics. More particularly, the invention is related to sys- 
tems and methods for aligning and assembling optical 
elements with planar lightwave circuits. 

DESCRIPTION OF THE RELATED ART 

[0002] A planar waveguide (PWG) is a part of a planar 
lightwave circuit (PLC) that is used for guiding a light- 
wave signal in a predetermined fashion. The lightwave 
signal is directed into an entry point of the PWG and 
emerges from one or more destination points of the 
PWG. As a corollary, a number of lightwave signals may 
be directed into several entry points of a PWG network 
located on a PLC and emerge as a combined output 
from one destination point on the PWG. 
[0003] A "PLC assembly" is generally defined as a 
PLC upon which is mounted one ormore optical/electro- 
optical elements coupled to a PWG. Examples of such 
elements, include an optical fiber, a laser transmitter, 
and a photo-detector module. As is known, when con- 
structing a PLC assembly, it is important to prevent un- 
necessary signal loss at the coupling junctions where 
the optical elements are coupled into/out of the PWG. 
As is also known, various alignment and assembly pro- 
cedures are used to address this issue. 
[0004] By way of example, one procedure for actively 
align ing an optical element to a PWG involves powering- 
up the clement so that it transmits light into the associ- 
ated PWG. This light passes through a coupling junction 
formed by the optical element at the entry point of the 
PWG. At the destination point, an optical signal 
strength-measuring device is used to measure the 
amount of received light. The position of the optical el- 
ement is then adjusted with reference to the PWG until 
peak signal strength is detected at the measuring de- 
vice. 

[0005] This type of alignment is generally carried out 
in conjunction with an assembly process that involves 
mechanically anchoring the optical element to the PLC. 
For instance, a bonding agent, such as epoxy, is used 
to hold the assembly together for a temporary period of 
time once optimal positioning has been achieved. When 
more permanent anchoring is desired, soldering typical- 
ly is used. Unfortunately, it is generally difficult to apply 
solder while active alignment is being carried out. This 
is because the melting point of solder typically exceeds 
the operating temperature limits for various optical ele- 
ments, such as laser transmitters and receivers that in- 
corporate electronic components. 
[0006] An additional handicap related to soldering is 
encountered when coupling multiple optical elements to 
a PLC. For example, when multiple lasers have to be 
coupled to one PLC, thermal conduction through a com- 
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mon substrate places restrictions on the minimum al- 
lowable distance separating neighboring lasers. In par- 
ticular, after a first laser is aligned to a PWG located on 
a PLC and soldered in place, soldering a second laser 

5 associated with a second neighboring PWG may cause 
heattransferthrough the PLC substrate towards the first 
laser. This heat transfer may melt the solder used to at- 
tach the first laser and result in undesired misalignment 
of the first laser. 

10 [0007] It is therefore desirable to provide systems and 
methods that address these and/or other perceived 
shortcomings of the prior art. 

SUMMARY OF THE INVENTION 

15 

[0008] The present invention involves the use of cou- 
pling fixtures that permit optical elements to be coupled 
with planar waveguides of planar lightwave circuits. In 
particular, alignment of the coupling fixtures typically 

20 does not require powering of the optical element yet pro- 
vides a degree of alignment that is comparable to that 
obtained by active alignment techniques. The alignment 
process is accompanied by an assembly process that 
may be performed at relatively high temperatures. This 

25 typically makes it possible to use solder for attaching the 
optical element to the planar lightwave circuit while re- 
taining alignment accuracy. This is advantageous since 
soldering typically is the preferred choice for assembling 
components, such as single-mode devices, that require 

30 a relatively high degree of alignment precision together 
with good mechanical rigidity. 

[0009] The invention also provides benefits related to 
heat management during the assembly process. More 
specifically, methods in accordance with the invention 
35 can permit multiple optical components to be assembled 
close to one another. This benefit translates to improved 
packaging density of optical elements assembled onto 
planar lightwave circuits. 

[0010] Clearly, some embodiments of the invention 
40 may exhibit advantages in addition to, or in lieu of, those 
mentioned above. Additionally, other systems, meth- 
ods, features and/or advantages of the present inven- 
tion may become apparent to one with skill in the art 
upon examination of the following drawings and detailed 
45 description. It is intended that all such additional sys- 
tems, methods, features and/or advantages be included 
within this description, be within the scope of the present 
invention, and be protected by the accompanying 
claims. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Many aspects of the invention can be better 
understood with reference to the following drawings. 
The components in the drawings are not necessarily to 
scale, emphasis instead being placed upon clearly illus- 
trating the principles of the present invention. Moreover, 
in the drawings, like reference numerals designate cor- 
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responding parts throughout the several views. 
[0012] FIG. 1 is a perspective view of an embodiment 
of a planar lightwave circuit (PLC) assembly in accord- 
ance with the present invention. 

[0013] FIG. 2 is a perspective view of a portion of the 5 
underside of the PLC assembly of FIG. 1 . 
[0014] FIG. 3 is a top perspective view of the embod- 
iment of FIG. 1, incorporating an edge-emitting laser. 
[0015] FIG. 4 is a flow chart depicting an embodiment 
of a method in accordance with the present invention. 10 
[0016] FIG. 5 is a top perspective view of an alterna- 
tive embodiment of a coupling f ixtu re in accordance with 
the present invention. 

[0017] FIG. 6 is a flow chart of an alternative embod- 
iment of a method in accordance with the present inven- '5 
tion. 

[0018] FIG. 7 is a perspective view of a second alter- 
native embodiment of the coupling fixture in accordance 
with the present invention. 

[0019] FIG. 8 is a flow chart of a second alternative 20 
embodiment of a method in accordance with the present 
invention. 

[0020] FIG 9 is a flow chart of an alignment process 
that relates to the flow chart of FIG. 8. 

25 

DETAILED DESCRIPTION 

[0021] Referring now to the drawings, an embodiment 
of an optical system 1 0 in accordance with the invention 
will be described in detail with respect to FIGs. 1 and 2. 30 
As shown in FIG. 1, optical system 10 includes a PLC 
assembly 100 that incorporates several edge-emitting 
lasers 1 40 mounted on individual coupling fixtures 1 30. 
[0022] Each coupling fixture 130 includes at least two 
surfaces that are substantially parallel to and stepped 35 
with respect to each other. In particular, each coupling 
fixture 130 includes a first surface 145 on which an 
edge-emitting laser 140 is mounted, and a second sur- 
face 160 (shown in FIG. 2) that is used to attach the 
coupling fixture 1 30 to the PLC 115. 40 
[0023] The stepped surfaces 145, 160 of each of the 
coupling fixtures 130 help in optimally aligning a laser 
140, because the surfaces provide limited freedom of 
movement of the laser during assembly. Specifically, the 
surfaces restrict the output of a laser to a direction that 45 
is parallel to surface 120 and orthogonal to edges 116 
and 11 7 of the PLC. This is accomplished while permit- 
ting movement in a horizontal direction (parallel to edge 
116) and a vertical direction (parallel to edge 117). 
These limitations reduce the possibility of misalignment so 
of the laser 1 40 with reference to PWG 1 35c. Such mis- 
alignment may occur if the laser 140 were not directed 
parallel to surface 120. 

[0024] Note, the assembly shown in FIG. 1 constitutes 
a 4 : 1 optical combiner circuit. More specifically, system 55 
1 0 permits four incident optical signals originated by the 
four edge-emitting lasers 1 40 to be combined in the pla- 
nar waveguide 135 of PLC 115. A combined signal is 
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then routed out of a destination port that is coupled to 
an optical fiber 1 05. Also, note that if the four lasers 140 
were emitting light at different wavelengths, such a com- 
biner circuit, would be called a "wavelength multiplexer." 
Clearly, various other types of PLCs and PWGs can be 
used. 

[0025] FIG. 2 depicts the underside of PLC 115, illus- 
trating in detail the attachment points of the coupling fix- 
tures 130. In particular, surface 160 of each coupling 
fixture 1 30 is aligned and attached to a bonding pad 1 50. 
Coupling fixture 130 typically is a micro-machined sili- 
con part. However, the coupling fixtures may be con- 
structed from different types of material, not necessarily 
limited to silicon or silicon-based materials. Such mate- 
rials may provide certain desirable properties related, 
for example, to thermal conductivity, electrical conduc- 
tivity, and mechanical fabrication. 
[0026] For instance, with respect to thermal charac- 
teristics - ceramic may be used in an application that 
requires thermal isolation during the process of manu- 
facture. Silicon, however, may be preferred in a different 
application where good thermal conductivity may be de- 
sired to carry heat away from an operating device such 
as a laser. 

[0027] Various materials also can be used for the PLC 
115. One embodiment, for example, uses glass as the 
substrate for PLC 115 in order to improve thermal insu- 
lation between adjacent fixtures 130. This can allow a 
higher packaging density of coupling fixtures 130 to be 
incorporated into the PLC assembly 1 00. 
[0028] FIG. 3 illustrates a partially cut-away perspec- 
tive view of coupling fixture 130 that is used in a butt- 
coupling method in accordance with the present inven- 
tion. Butt-coupling can be used when a high degree of 
optical coupling is not required for a particular applica- 
tion. In particular, an edge-emitting laser 140 (output 
light emerges from surface 235, hence the term "edge- 
emitting laser") is mounted to fixture 130 of FIG. 3. The 
laser projects light into the PWG 135c. PWG 135c car- 
ries this projected light into PWG 135a (shown in FIG. 
1), which is coupled out via the optical fiber 105 (also 
shown in FIG. 1). 

[0029] Coupling fixture 1 30 includes two solder bond- 
ing pads 230 and 225. Pad 230 attaches the laser 140 
to coupling fixture 1 30, and pad 225 attaches fixture 1 30 
to PLC 115. Laser 140 is placed upon fixture 130 using 
either manual or automated systems (pick-and-place 
machines, for example), and then attached to pad 230. 
For example, soldering is the preferred mode of attach- 
ment when good mechanical integrity and electrical con- 
ductivity are desired. High -temperature solder may be 
used to solder the laser 140 on to the fixture 130. The 
placement as well as the soldering process may utilize, 
for example, industry-wide processes that are known in 
the art and will not be elaborated further here. Alignment 
of laser 1 40 with reference to the fixture 1 30 is preferably 
carried out during the soldering process, and a target 
220 located on the top surface of laser 1 40 may be used 
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to perform this alignment. 

[0030] Producing a PLC assembly by aligning the in- 
dividual components to one another using a "direct eye- 
balling" technique is inefficient, and produces low prod- 
uct yields. A generally preferred alternative involves an 5 
operator or an automated system using elements such 
as cameras, height sensors, and an auxiliary illumina- 
tion system, to carry out the alignment and assembly 
process. 

[0031] The alignment and assembly process to attach 10 
the laser-mounted fixture 130 to the PLC 115 is typically 
executed using a lower temperature solder which is 
heated to permit it to melt while simultaneously adjusting 
the fixture 130 with reference to the PLC 115. Targets 
215 and 220 are utilized as registration targets for car- *5 
rying out this alignment. The use of lower temperature 
solder during this part of the assembly process minimiz- 
es movement and reflow of the higher temperature sol- 
der joint between the laser 140 and fixture 130. 
[0032] FIG. 4 is a flow chart of a method of assembling 20 
the system of FIG. 3. It will be appreciated that, although 
particular example process steps are described, alter- 
native implementations are feasible. Moreover, steps 
may be executed out of order from that shown or dis- 
cussed, including substantially concurrently or in re- 25 
verse order, depending on the functionality involved. 
The description should not be construed as a limiting 
parameter for the invention's various implementations 
in other applications. 

[0033] The first step 250 involves placing the optical 30 
element, which in this case is an edge-emitting laser, 
upon the coupling fixture. The laser is then bonded to 
the fixture in step 255 using one of several techniques 
such as epoxy bonding or high temperature soldering. 
Alignment between edge-emitting laser and the cou- 35 
pling fixture is facilitated by a target 220 that is located 
upon the top surface of the laser. Step 250 is carried out 
independent of the PLC, and is desirable, because it 
does not involve applying heat to the PLC, This is unlike 
existing processes that involve soldering the laser di- 40 
rectly on to the PLC and can disturb other lasers that 
may have been already installed at adjacent locations 
on the PLC. 

[0034] In step 260, this fixture assembly is soldered 
to the PLC, using a low temperature solder. During the 45 
soldering process, when the solder is in a melted state, 
the fixture assembly is suitably adjusted so as to provide 
optimal optical alignment with the PWG that is located 
on the PLC. Targets 215 and 220 (FIG. 3) are used to 
carry out this optical alignment. Step 260 may be carried so 
out using elements such as cameras, position sensors 
and auxiliary illumination systems. 
[0035] FIG. 5 is a perspective view of a coupling fix- 
ture 370, which is an alternative embodiment of the cou- 
pling fixture 1 30, While coupling fixture 1 30 has two sur- 55 
faces that are substantially parallel to and stepped with 
respect to each other, coupling fixture 370 includes 
three surfaces that are substantially parallel to and 
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stepped with respect to each other. In particular, cou- 
pling fixture 370 includes a first surface 340 on which 
an edge-emitting laser 140 is mounted, a second sur- 
face 365 that is used to attach the coupling fixture 370 
to the PLC 115, and a third surface 335 on which is 
mounted a ball lens 355. Because the ball lens is used 
to provide a high degree of optical coupling between the 
laser 140 and the corresponding PWG 135c located on 
the PLC 115, a higher precision alignment technique is 
used. 

[0036] During the first step of the assembly process, 
laser 140 is placed on solder pad 350 and soldered in 
place. The second step of the assembly process in- 
volves registering the ball lens 355 with and anchoring 
the ball lens in a receptacle 330. This anchoring process 
may involve several methods, including epoxy bonding, 
wire bonding, or a wire clip. 

[0037] Once the ball lens is anchored, coupling fixture 
370 and the attached ball lens are positioned so that the 
laser 1 40, the ball lens 355, and the PWG 1 35c of PLC 
115 are axially aligned with each other. Positioning is 
carried out using support devices such as vacuum-as- 
sisted clamps. Laser 1 40 is then powered-up and a light- 
measuring device is connected to a destination port (for 
example, to the fiber 1 05 of FIG. 1 ). Coupling fixture 370 
is manipulated until the light-measuring device indicates 
maximum signal strength. This process is typically car- 
ried out using techniques such as a hill-climbing algo- 
rithm that is known to people of ordinary skill in the art. 
[0038] An auxiliary camera and illumination system is 
used to image coupling fixture 370 together with PLC 
115, and record positional coordinates associated with 
the alignment position corresponding to the maximum 
signal strength. The auxiliary illumination system, may 
be used in conjunction with other elements such as a 
camera and a co-ordinate recording apparatus. The 
alignment process typically uses specialized markings, 
referred to as registration targets, that are marked on 
objects such as the coupling fixture 370, and the PLC 
115. 

[0039] A first registration target located on coupling 
fixture 370 is implemented by the use of fiducials 320, 
while a second registration target located on PLC 115 
is implemented by fiducials 315. While the example de- 
scribed here shows the registration targets located on 
the top surface 335, these targets may be located on 
other surfaces (vertical, bottom, etc) as may be desired 
for carrying out alignment along other axes. The coor- 
dinate mapping mechanism is used to record the coor- 
dinates of fiducials 320 and fiducials 315 to provide a 
relative-positioning relationship between coupling fix- 
ture 370 and PLC 115 when they are aligned to provide 
maximum optical coupling. 

[0040] The third step of the assembly process, in- 
volves powering-down the laser 140, applying solder, 
and coupling fixture 370 onto PLC 115. This is carried 
out by heating the mount coupling fixture 370 and ap- 
plying solder to pad 325. Pad 305 on PLC 115 is then 
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brought into contact with the molten solder on pad 325 
such that the solder flows between the pads. While the 
solder is molten the parts are aligned to the coordinates 
that were recorded earlier during active alignment. Once 
this is done, the coupled assembly is allowed to cool to s 
solidify the solder. 

[0041] The alignment process described above is 
termed a "quasi -active" alignment process. This is be- 
cause the final alignment/assembly uses a "passive" (la- 
ser powered-down) alignment process that incorporates 10 
pre-determined coordinates obtained using an "active" 
(laser powered-up) alignment procedure. 
[0042] FIG. 6 is a flow chart of a method for assem- 
bling the system of FIG. 5 utilizing a quasi-active align- 
ment technique. While this flow chart is applicable to 15 
several optical elements, the system of FIG. 5 (which 
incorporates a ball element in addition to the optical el- 
ement) is used as an example system, because it incor- 
porates additional steps that may be needed to accom- 
modate the ball lens. 20 
[0043] The first step 375 of this method involves plac- 
ing the laser, while the second step 376 indicates attach- 
ing the laser to the fixture. The procedures for steps 375 
and 376 are similar to those described earlier with ref- 
erence to steps 250 and 255 of FIG.4. After these two 25 
steps have been performed, the ball lens is placed in 
the receptacle of the fixture (step 377). The ball lens is 
then "registered" and anchored in step 378. The anchor- 
ing mechanism is designed to withstand the elevated 
temperatures that may be encountered in subsequent 30 
steps. This mechanism may include soldered joints, 
epoxy, wire bonding, retaining clips, and/or clamps. 
[0044] At this stage a fixture assembly has been cre- 
ated by having integrated the laser and the ball lens into 
the coupling fixture. The fixture assembly is then aligned 35 
with the PWG located in the PLC (step 379) and held in 
place using "temporary" holding mechanisms such as 
vacuum clamps and mounting fixtures. 
[0045] In step 380, the laser is energized by applying 
power to the laser unit. The resulting light signal is di- 40 
rected through the PWG and is available at a destination 
port of the PLC. An optical signal-measuring system that 
is attached to this destination port is used to measure 
the signal strength of the laser light (step 381). Using 
automated or manual techniques, the fixture assembly 45 
is then manipulated (step 382) to obtain optimal signal 
strength at the measuring system. 
[0046] In step 383, a recording system is used to 
record the positional coordinates of a registration target 
located on the PLC assembly. This registration target so 
may include a fiducial, while the positional coordinates 
may include X-axis, Y-axis, and Z-axis parameters. 
[0047] A similar recording is carried out in step 384 
for a second registration target that is located on the fix- 
ture assembly. The two sets of recordings, one for the 55 
PLC, and one for the fixture assembly, provide positional 
information related to the coupling of one to the other. 
This information has been obtained using an "active" 
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alignment process, because the laser is in an energized 
state at this time. 

[0048] In step 385, the laser is de-energized. The sub- 
sequent step 386 involves attaching the fixture assem- 
bly in a long-term fashion (soldering, for example). A 
"passive" alignment process is used, in step 386, while 
the fixture assembly is soldered in place onto the PLC. 
The positional information obtained during the active 
alignment is used to carry out this passive alignment, 
leading to the term "quasi-active" alignment. 
[0049] FIG. 7 is a perspective view of a coupling fix- 
ture 470, which is yet another alternative embodiment 
of the coupling fixture 1 30. An optical fiber 450 is located 
in a V-groove 420. The V-groove 420 can be created by 
conventional wet etch processing of the fixture 470, and 
provides the accuracy required to produce a coupling 
junction with sub-micron alignment accuracy. 
[0050] Similar to the registration targets described 
earlier with reference to FIG. 5, PLC 115 includes a first 
set of registration targets embodied by fiducials 405, 
while fixture 470 includes a second set of registration 
targets, embodied by fiducials 430. The assembly proc- 
ess associated with FIG. 7 uses the quasi-active align- 
ment method described earlier. As an exemplar appli- 
cation, this assembly process is further described in 
FIGs. 8 and 9, using an extension of the quasi-active 
alignment concept to encompass a repetitive process of 
assembly, such as is applicable to a production line. 
[0051] FIG. 8 is a flow chart of a method for obtaining 
positional information using an active alignment tech- 
nique upon a "reference" system. The method is de- 
scribed using an optical fiber as an optical element, but 
it will be apparent to one of ordinary skill in the art that 
the method described may be equally applicable to oth- 
er types of elements. This method is only applicable 
when the multiple PLC assemblies are comprised of in- 
dividual parts that have been mass manufactured as a 
single batch, thereby creating parts that are significantly 
identical to one another. The identical nature of these 
parts allows repetitive alignment procedures to be ap- 
plied using a set of measurements that have been ob- 
tained from a single "reference" setup. 
[0052] In step 475, a "reference" fiber, which is sub- 
stantially identical to a fiber that is intended to be in- 
stalled onto a coupling fixture, is placed into a "refer- 
ence" coupling fixture. This "reference" coupling fixture 
is substantially identical to a coupling fixture to be in- 
stalled onto a PLC assembly. 

[0053] The reference fiber is anchored to the refer- 
ence fixture to create a reference fixture assembly, in 
step 476. Anchoring is carried out using techniques 
such as clamping with a suitable "lid" assembly, epoxy, 
solder, and/or mechanical clamps. The reference fixture 
assembly is then aligned with the PWG that is located 
on the reference PLC. This is carried out in step 477, 
and is implemented in a manner similarto that described 
earlier in step 379 of FIG. 6. 

[0054] Light is then transmitted through the fiber into 
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the PWG (step 478) by attaching a light source to the 
free end (pig tail) of the fiber. Steps 479, 480, 481 , and 
482 substantially replicate the active alignment steps 
that were described earlier in steps 381 , 383, 383, and 
384 of FIG. 6. 5 
[0055] Once the positional coordinates of the regis- 
tration targets on the reference PLC and the targets on 
the reference fixture assembly have been obtained, the 
method of FIG. 8 is terminated. It is not necessary at 
this stage to solder the reference fixture to the reference 10 
PLC, because the goal of this method is to obtain "ref- 
erence" information that will be used subsequently in an 
application that uses the method of FIG 8. 
[0056] FIG. 9 is a flow chart of a method that uses the 
positional information obtained in FIG. 8 to implement a 15 
quasi-active alignment process to produce multiple PLC 
assemblies such as in a production environment. In step 
483, a fiber is placed on a fixture. This fiber is then an- 
chored onto the fixture, as described earlier in step 476 
of FIG. 8. Step 485 utilizes the positional information ob- 20 
tained via the method of FIG. 8 to passively align the 
fixture to a PWG located in a PLC. As this positional in- 
formation was obtained using an active alignment proc- 
ess, the method of FIG. 9 accomplishes a quasi-active 
alignment process. Step 486 is used to determine if the 25 
production cycle of steps 483, 484, and 485 should be 
repeated for producing more PLC assemblies. 
[0057] It should be emphasized that the above-de- 
scribed embodiments of the present invention are mere- 
ly possible examples of implementations, and are mere- 30 
ly set forth for a clear understanding of the principles of 
the invention. Many variations and modifications may be 
made to the above-described embodiment(s) of the in- 
vention without departing substantially from the spirit 
and principles of the invention. All such modifications 35 
and variations are included herein within the scope of 
this disclosure and the present invention and protected 
by the following claims. 

40 

Claims 

1. An optical system (10) comprising; 

a planar lightwave circuit (PLC) (115) having an 45 
exterior surface (120) and a first planar 
waveguide (PWG) (135c); 
a first coupling fixture (130) attached to said 
PLC (115), said first coupling fixture having a 
first top surface (145) and a second top surface 50 
(160), said second top surface being stepped 
down from and parallel to said first top surface; 
and 

a first optical element (140) attached to said 
first top surface, 55 
said second top surface being affixed to said 
exterior surface of said PLC such that said first 
optical element is optically coupled to said 
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PWG. 

2. The optical system of claim 1 , wherein said coupling 
fixture includes a first optical registration target el- 
ement (220) arranged for aligning said first optical 
element with said PWG. 

3. The optical system of claim 2, wherein said PLC in- 
cludes a second optical registration target element 
(215) arrangedfor aligning said couplingfixture with 
said PLC. 

4. A coupling fixture (370) for assembling a first optical 
element (140), said coupling fixture comprising: 

a first top surface (340); 
a first attaching element (350) located on said 
first top surface to attach the first optical ele- 
ment to said first top surface; and 
a second top surface (365) stepped down from 
said first top surface. 

5. The coupling fixture of claim 4, further comprising a 
second attaching element (325) located on said 
second top surface such that, when said second at- 
taching element is used to attach said second top 
surface to a bottom surface of a planar lightwave 
circuit (PLC) (115), said first optical element optical- 
ly couples to a planar waveguide (PWG) (135c) of 
the PLC. 

6. The coupling fixture of claim 4 or 5, wherein said 
first top surface defines a first receptacle sized and 
shaped to receive at least a portion of the first opti- 
cal element. 

7. The coupling fixture of one of claims 4 to 6, further 
comprising: 

a third top surface (335) stepped up from and 
parallel to said first top surface; 
said third top surface defines a second recep- 
tacle (330) sized and shaped to receive a sec- 
ond optical element (355), such that when so 
received, said second optical element is opti- 
cally coupled to said first optical element. 

8. The coupling fixture of one of claims 4 to 7, wherein 
said second top surface is parallel to said first top 
surface. 

9. A method for coupling a first optical element to a 
planar waveguide of a planar lightwave circuit, said 
method comprising: 

placing the first optical element on a coupling 
fixture to form a coupled junction with the planar 
waveguide; 
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applying power to the first optical element to 
measure an optical signal strength of light pass- 
ing through the coupled junction; 
recording an inter-positional information of the 
coupling fixture and the planar lightwave circuit s 
with respect to the optical signal strength; and 
attaching the coupling fixture to the planar light- 
wave circuit using the inter-positional informa- 
tion. 

10 

1 0. The method of claim 9, further comprising the steps 

of: 

removing power from the first optical element 
before attaching the coupling fixture to the pla- is 
nar lightwave circuit using the inter-positional 
information. 
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FIG. 3 
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Solder laser to fixture, 
to create fixture 

assembly using target 
located on laser 



Solder fixture assembly 

to PLC using targets 
located on laser and on 
fixture, simultaneously 
align fixture assembly 
against PWG that is 
located on PLC. 
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fixture 
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Register and anchor 
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Using clamps, align 
fixture assembly with 
PWG that is located on 
PLC 
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Measure light signal 
strength at destination 
port of PLC assembly 
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optimal signal strength 
at destination port of 
PLC assembly 
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coordinates of the 
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that is located on the 
PLC assembly 
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coordinates, including 

height, of the 
registration target(s) 
that is located on the 
fixture assembly 
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mounted on fixture 
assembly 
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Solder fixture assembly to 
PLC, ensuring alignment by 

simultaneously using the 
positional coordinates of the 

PLC assembly and the 
positional coordinates of the 
fixture assembly, to create 
finished PLC assembly 



386 




12 



1387195A2 I 



EP 1 387 195 A2 



FIG. 7 
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Anchor reference fiber 
to reference fixture, to 
create reference fixture 
assembly 
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Using clamps, align 
reference fixture 
assembly with reference 
PWG that is located 
on reference PLC 



Transmit optical signal 
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Measure light signal 
strength at destination 
port of reference PLC 



Manually 
reference fixture 
assembly to obtain 
peak signal strength 
at destination port of 
reference PLC 
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coordinates of the 
registration targets) 
that is located on the 
reference PLC 
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to PLC, ensuring 
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1. claims: 1-8 

A coupling fixture for assembling a first optical element, 
said coupling fixture comprising: 
a first top surface; 

a first attaching element located on said first top 
surface to attach the first optical element to said first 
top surface; and 

a second top surface stepped down from said first top 
surface, further comprising: 

a third top surface stepped up from and parallel to said 
first top surface; 

said third top surface defines a second receptacle sized 
and shaped to receive a second optical element, such that 
when so received, said second optical element is optically 
coupled to said first optical element. 

2. claims: 9-10 

A method for coupling a first optical element to a planar 
waveguide of a planar lightwave circuit, said method 
compri sing: 

placing the first optical element on a coupling fixture to 
form a coupled junction with the planar waveguide; 
applying power to the first optical element to measure an 
optical signal strength of light passing through the coupled 
junction; 

recording an inter-positional information of the coupling 
fixture and the planar lightwave circuit with respect to the 
optical signal strength; and 

attaching the coupling fixture to the planar lightwave 
circuit using the Inter-positional information. 
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